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Abstract: The Cycladic landscape is characterized by landforms of natural beauty and rarity. Land-
forms resulting from differential erosion, weathering, tectonics, drainage network, sea level changes,
and depositional processes can contribute to the development of geotourism in the area. This can
be achieved by supporting conservation, protection and promotion of the geo-environment and
nature, educating students, residents, and visitors. The aim of this work is to develop an inventory
of the main geomorphosites of Paros and Naxos islands by assessing their scientific and additional
values, using qualitative and quantitative criteria. Our results show that, besides the high scientific
interest of the 75 geomorphosites, most are also characterized by a high ecological value and can
potentially lead to a significant increase in the islands’ tourism. The results of this work aim at
raise awareness on the geomorphological heritage of central Cyclades and provide a basis for their
promotion, protection, and management.

Keywords: geomorphological heritage; geomorphological synthesis; geocultural sites; geoheritage
assessment; Aegean

1. Introduction

During the last decades, there have been several attempts for the promotion and
preservation of the geomorphological and geological heritage in several regions [1–3].
Interest in geoconservation and geomorphological heritage dates back to the 1990s [4].
Geomorphological heritage refers to the total of geomorphosites of an area [5] and can be
a witness of climate change, tectonic evolution and the related changes in the history of
life at the surface of the Earth. Geomorphosites are areas of particular geomorphological
interest, and several authors state that they can reveal part of the Earth’s history regarding,
for instance, the palaeoclimate, the palaeogeography, the palaeoecology, etc. [5–7]. Ge-
omorphosites usually include landforms, but several authors [7,8] state that any part of
the surface of Earth can be considered as a geomorphosite, as long as it contributes to the
knowledge and/or comprehension of the Earth’s history. The conditions under which the
geomorphosites have formed, i.e., geological, geomorphological, tectonic, climatic etc., can
aid in the knowledge and comprehension of geology and Earth history.

Geomorphosites are usually not only characterized by geomorphological interest,
but by geological, ecological, environmental, cultural and/or archaeological, etc. as well,
whereas the aesthetic and/or socioeconomic value is also of paramount significance [5,8–10].
What is more, a landform cannot be considered as a geomorphosite if its interest is limited
to geomorphology. Panizza [5] has therefore suggested that the term “geomorphosite” can
have two different definitions. The first one has already been mentioned and only includes
the geomorphological interest, while the second one also includes the other aforementioned
values (scientific, cultural, economic, etc.).
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The assessment of the geomorphological heritage has been developing since the 1990s,
and attention is paid to both geotourism, geomorphological–cultural heritage, etc., and the
environmental impact [9,11,12]. Yet, although the quantitative assessment of each value
follows certain criteria according to the methodology of Reynard et al. [1], the assessment
is subjective and is relevant to the assessors’ experience [1,13–15]. The assessment of
geomorphological heritage and geoheritage in general and the evaluation of individual
sites of interest can aid in its promotion, as well as its preservation. This means that an area
of geomorphological interest has been greatly studied and it has been assessed regarding
its scientific, cultural, aesthetic, etc. value, which is more likely to be promoted, resulting in
the attraction of more geotourists and contributing to the economy of the local society, and
what is more, it can also be preserved against degeneration due to time, weather conditions,
vandalisms by the massive tourism or even by the locals. Geotourism is of paramount
importance concerning an area’s economic development, as it regards both the primary
tourism and secondary tourism forms [16,17]. Several research groups have developed
qualitative and quantitative methods for the assessment of geomorphosites (Reynard et al.,
2016b) [18–20]. De Lima et al. [21] proposed four criteria to be considered when conducting
an inventory: the topic, the value, the scale, and the use. The proposal was accepted
by many scientists, but no universal consensus exists on the assessment methods [22].
The research on geomorphosites is currently developed at geoheritage assessment and
inventories and geoheritage management at specific geomorphological environments and
through the collaboration with other related sectors [23].

The mapping of the geomorphosites is another aspect. However, it has gained much
less interest than their evaluation itself [24]. For instance, the corresponding framework, as
well as global symbology and other similar mapping aspects have yet to develop [24,25].
Carton et al. [26,27] suggested a differentiation between the map depiction that concerns
specialists (e.g., geomorphologists) and non-specialists. Coratza and Regolini-Bissig (2009)
have also suggested geomorphosite mapping methods.

One of the countries in Europe that has great potential on geoheritage is Greece.
Its interest regarding geomorphology is intense, as it belongs to the active Greek oroge-
netic arc [28], which shows its unique geological, hydrological and geomorphological
features [29]. The complex geological and geomorphological setting and evolution, the
great variety in climatic conditions and the numerous islands and indented coastline make
Greece a region with a great diversity of natural sceneries [30].

Since 1937, natural areas of specific geological and ecological importance have been
placed under special protection. Several geological heritage sites of international value
are nationally protected areas and belong to Geoparks. The first two geoparks in Greece
were the Lesbos Petrified Forest and the Psiloritis Geopark in Crete [30]. Today there are
four more geoparks, Chelmos–Vouraikos UNESCO Global Geopark in the Peloponnese,
Vikos–Aoos UNESCO Global Geopark in Epirus, Sitia UNESCO Global Geopark in Crete
and Grevena–Kozani UNESCO Global Geopark in Macedonia [31].

In Greece, not many actions have been taken for the assessment of geomorphosites,
and this work aims at filling this gap by giving prominence to the geomorphological
heritage. More specifically, the two areas of interest are Naxos and Paros islands, Cyclades
(Figure 1). These islands have been selected because they are directly related to the active
Greek orogenetic arc, whereas there are sufficient data related to their geomorphology.
They belong to the Cyclades and are part of the Cycladic plateau, whose morphology
has been influenced by climatic conditions since Miocene times and the geomorphology
presents some particular characteristics [32].

In the present work, a total of 75 geomorphosites on the islands of Naxos and Paros
were selected and assessed according to the methodology proposed by Reynard et al. [1]. In
particular, their scientific value was initially graded, referring to integrity, rarity, representa-
tivity and palaeogeographical value. Additional assessed values include ecology, economy,
culture and aesthetics [1]. All values were synthesized, and thus the final assessment of the
geomorphosites was conducted.
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Figure 1. Naxos and Paros islands. The selected geomorphosites have been classified and are shown in the map. 
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The study area is located in the central Aegean Sea and includes Naxos and Paros 

islands, both of which belong to the Cyclades complex, Aegean Sea, Greece. The Cyclades 
consist of about 33 main Islands, the largest being Naxos, while Paros is the third largest. 
Naxos covers an area of 430 Km2, while its coastal zone extends for 148 Km. The island is 
mountainous, with a central mountain range trending N-S. The maximum altitude is 1001 
m, the top of Zeus. Paros is located to the west of Naxos. It has an elliptical shape with a 
total area of 196 Km2. The territory of the island is mountainous in the center and flat on 
the coast. The altitude increases toward the interior of the island and specifically, increases 
in the central and southern part. The highest point of the island is the peak of Aghios Ilias 
with an altitude of 771 m [33]. 

Lithologically, Naxos consists of migmatized gneissic rocks containing marbles, met-
apelites and amphibolites, while a sequence of schists, gneisses, marbles and metavolcan-
ics surround the migmatite dome [34]. Above the metamorphic series, Miocene–Pliocene 
sediments are found [35,36], mainly deposited in a fluvial, partly marine environment. 
The lithology of Paros is dominated by marbles, gneiss and schists, above which Neogene 
and Quaternary deposits are found [33]. 
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Figure 1. Naxos and Paros islands. The selected geomorphosites have been classified and are shown in the map.

2. Study Area

The study area is located in the central Aegean Sea and includes Naxos and Paros
islands, both of which belong to the Cyclades complex, Aegean Sea, Greece. The Cyclades
consist of about 33 main Islands, the largest being Naxos, while Paros is the third largest.
Naxos covers an area of 430 Km2, while its coastal zone extends for 148 Km. The island is
mountainous, with a central mountain range trending N-S. The maximum altitude is 1001
m, the top of Zeus. Paros is located to the west of Naxos. It has an elliptical shape with a
total area of 196 Km2. The territory of the island is mountainous in the center and flat on
the coast. The altitude increases toward the interior of the island and specifically, increases
in the central and southern part. The highest point of the island is the peak of Aghios Ilias
with an altitude of 771 m [33].

Lithologically, Naxos consists of migmatized gneissic rocks containing marbles,
metapelites and amphibolites, while a sequence of schists, gneisses, marbles and metavol-
canics surround the migmatite dome [34]. Above the metamorphic series, Miocene–Pliocene
sediments are found [35,36], mainly deposited in a fluvial, partly marine environment. The
lithology of Paros is dominated by marbles, gneiss and schists, above which Neogene and
Quaternary deposits are found [33].

Geomorphological Regime

The islands of the Cyclades form the so-called Cycladic plateau, whose altitudes
generally increase eastward (the eastern Cycladic islands are larger in area and higher
in altitudes than the western ones). The largest part of the Cycladic plateau is currently
located beneath sea level and at an average depth of 100 m. A deep N-S tectonic graben
segregates the westernmost islands (e.g., Kea and Kythnos) from the rest of the Cyclades.
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The marginal slopes of the plateau are located at a depth of approximately 200 m and
generally coincide with the continental slope (Figure 2).

The Aegean Sea is located in the convergence zone of the African and Eurasian
plates [37]. Naxos and Paros islands are located in the center of the Aegean microplate
(which is part of the Eurasian plate) and are relatively seismically inactive, although
the regions surrounding the Cyclades are seismically active [37]. During the Eocene,
tectonic compression took place, which was succeeded by an extensional regime during
Oligocene or Miocene [38–40]. The Cycladic region is characterized by a relatively thin
continental crust of about 25–26 Km, which is owed to two processes during the Cenozoic
and Neogene. During the Cenozoic gravitational collapse of the Aegean crust took place
due to the southward retreat of a subduction front, while during the Neogene, the extrusion
of the Anatolian block westward took place. These procedures were due to the extensional
tectonic regime at the center of the Aegean plate, as the area is behind the modern volcanic
arc of Aegean (e.g., [41,42].

During the Quaternary, active tectonics played a significant role in the geomorphology
of the Cyclades, but during Late Quaternary, eustasy also played a determining role.
During the Last Glacial Maximum (18 Ka BP), most of the Cyclades were part of one single
island and were gradually segregated when the sea-level rose. Paros and Naxos were the
last islands that were separated, 8 Ka BP (Figure 2).
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separated, as the region reached its present form. (a) Palaeogeography 18,000 years ago; (b) 12,500 years ago; (c) today.

The current geomorphological landscape of both islands is mainly owed to their
lithology, tectonics, drainage system and climate. Most of their landscape is a result of the
combination of differential erosion due to frequent lithological alterations and exogenic
processes. When it comes to tectonics, in certain areas, planation surfaces can be observed,
indicating periods of tectonic stability and uplift. Additionally, downward erosion is
notable in both islands, indicating an intense tectonic uplift status and wetter climate
periods in the past.

As far as lithology is concerned, differential erosion has played a crucial role to the
present-day geomorphology. Typical examples of landforms controlled by differential
erosion are hogbacks, which dominate in the mainland, due to the frequent alterations,
especially in the center of the islands, of marble, schists and gneisses. Gneisses are more vul-
nerable to erosion than marbles, thus, upon their erosion, the marbles protrude, revealing
the previous relief of the area.

The existence of granodiorite has led to the creation of a unique relief form, due to
its weathering. Tafoni are typical landforms owed to the weathering of granodiorites
and other crystalline rocks. They consist of cavernous holes resembling honeycombs and
are created due to both aeolian erosion processes and chemical weathering [43]. Smaller
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tafone-type cavities are usually referred to as alveoles [44]. Tafone-type landforms can be
found in the western part of Naxos on granodiorite and the north part of Paros on granite.
Erosion of the granodiorite produces sediments that end up in the coastal zone, hence the
long and wide beaches of western Naxos, which are characterized by a sand composition
that is similar to that of the granodiorite. Depositional processes have also born an impact
on the landscape of Paros and Naxos. There are several plains, most of which are yet small
in area. The plain of Naxos is the largest one in the Cyclades and covers a significant area
compared to other plains of the Cyclades.

The western part of Naxos and the eastern part of Paros are characterized by long,
sandy beaches, which is quite rare for the Cycladic landscape. In Naxos and Paros, this
regime is owed to the lithological structure of the islands and the dominant weathering and
erosional processes. The coasts of the islands are mainly steep and rocky, and to a lesser
extent sandy, their morphology having mainly been shaped during Late Holocene [33].
They are characterized by a manifold morphology, i.e., bays, capes and several landform
types. For instance, erosional landforms such as coastal caves can be found. Coastal cliffs
are among the most dominant in both islands and in many cases, they have led to the
formation of pocket beaches at their base. Yet, depositional processes also play an important
role in shaping the coasts of the islands. Besides pocket beaches, for instance, sandy beaches
are also common, in some of which dunes and/or coastal lagoons can be found [36,45,46].
Some rare depositional landforms include tombolos. The submarine landforms of Naxos
and Paros, such as notches [47] and beachrocks [48,49], are quite common and generally
reveal tectonic subsidence events and the consequent relative sea-level rise, as well as the
evolution of the coastal zone [50–52] (see Supplementary Material). Beachrocks also act in
a protective way for the coasts, as part of the wave energy is consumed on them.

3. Materials and Methods

The data used in the present study have derived from several field trips in the
two islands during the last decades. They concern information about geomorphosites
of the study area and they were used for their inventory, classification, and evaluation.
The inventory of geomorphosites was developed in three stages. Initially, the geomorpho-
logical characteristics of the study area were identified and mapped. Consequently, the
geomorphosites representing the geomorphology of the area were recorded, and finally,
the ones that had scientific value were selected.

The assessment of geomorphosites follows the method proposed by Reynard et al.
2007 [1], which concerns the evaluation of geomorphosites at regional level and provides
criteria for their evaluation [1,15]. These criteria are divided into five main categories, which
are further divided into subcategories. The basic categories mentioned in the method are
general data, descriptive data, scientific value, additional values and synthesis and were
used to classify and evaluate the selected geomorphosites.

More specifically, the studied sites were named and categorized according to the
method proposed by Reynard et al. [1] and examined regarding two values: scientific and
additional values (ecological, cultural, economic and aesthetic value). Each geomorphosite
is named with an identification code, which derives from: (a) the abbreviation of its location
with capital letters, (b) the main process of its formation and (c) its number. The main
processes of our study area and their codes represent the following: WEA = weathering,
KAR = karstic, LIT = littoral, FLU = fluvial, EOL = aeolian, DIFR = differential erosion.

The scientific value is divided into four categories, namely: integrity, representative-
ness, rareness, and palaeogeographical interest [1]. Integrity is related to the state of each
geomorphosite conservation. Representativeness is related to geomorphosite exemplarity.
Rareness is related to the rarity of the geomorphosite depending on the reference area.
Finally, palaeogeographical value is related to the importance of geomorphosite’s loca-
tion as a component of Earth’s evolution. Each geomorphosite was graded for each of
the aforementioned values, with a grade ranging from 0 to 1 [1]. Table S1 presents the
assessment criteria and scoring for the scientific value, based on Reynard et al. [1] and
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Bouzekraoui et al. [53]. The final scientific value derives from the average of integrity,
representativeness, rareness, and palaeogeographical interest.

Regarding the additional values, they are composed of the ecological, cultural, eco-
nomic, and aesthetic value [1]. The ecological value corresponds to the arithmetic mean
of two elements: (i) ecological impact, which accounts for the significance of a geomor-
phosite for the development of a particular ecosystem, and (ii) the protection status of the
geomorphosite. The aesthetic values correspond to the arithmetic mean of two elements:
(i) the viewpoints of a particular geomorphosite, that is its visibility, and (ii) structure
that considers the contrasts and vertical development of a landform, therefore those with
color contrasts or high vertical development obtain a higher value. The cultural value is
composed of four elements, religious importance, historical importance, artistic or literary
importance and geohistorical importance; for this value, the element having the highest
value is considered. Lastly, the economic value takes into consideration the qualitative
and/or quantitative assessment of the products generated by a particular geomorphosite.
Table S2 presents the assessment criteria and scoring for the additional values, based on
Reynard et al. [1] and Bouzekraoui et al. [53].

The results from the geomorphological synthesis were presented on GIS. Geomor-
phosites, the categories of criteria and their evaluations were recorded in a database, which
were subsequently incorporated into GIS. After analyzing and processing the data, several
maps were created with the use of ArcGIS Pro v.2.8.3 and its modules, which depict the
selected geomorphosites categorized.

4. Results and Discussion
4.1. Description of the Geomorphosites

The sites of geomorphological interest that were selected through this research are
described in this section. In this research, a total of 75 geomorphosites were selected. Sites
referred below may be found in the two interactive maps developed for the purposes of this
paper. Specifically, the interactive map of Naxos can be found at https://arcg.is/0LzWrv1
(accessed on 13 December 2021) and for Paros at https://arcg.is/01f09a (accessed on
13 December 2021). The maps in Figures 3 and 4 depict the studied geomorphosites, as
well as spider diagrams regarding their scientific and additional values. In these spider
diagrams, one can observe the distribution of the individual values (scientific, aesthetic,
ecological, economic and cultural) for each geomorphosite. The following link provides
this information in a dashboard https://www.arcgis.com/apps/dashboards/a3cf026ba865
488eb966407991b2e5b8 (accessed on 13 December 2021). For practical reasons, the selected
sites were categorized according to the geomorphological environment/processes that
led to their formation. Therefore, the main categories include coastal, karstic, aeolian and
erosional landforms (the latter excluding landforms that belong to the previous categories).

The Supplementary Table S3 includes the detailed geomorphosites assessment, in-
cluding the name of each site, location, the landform(s) that can be observed, as well as
its grading regarding the individual values discussed above (integrity, representativeness,
rareness, palaeogeographical interest, ecological, cultural, economic and aesthetic value)
and its final grading. The coastal landforms of Naxos and Paros islands include beachrocks,
coastal lagoons, tidal notches, coastal dunes, tombolos and palaeotombolos. Beachrocks are
mainly found in the areas of Aghios Georgios, Plaka, Orkos, Mikri Vigla, Glyfada, Ramnos,
Martselo and Tsoukalia. Tidal notches can be found in the areas of Galini, Kampos, North-
ern Paros, Gaidouronisi, Lageri, Koukoumvales, Parasporos, as well as in four different
sited near Hilia Vrysi. Tombolos are found in Aghios Georgios and Lageri, whereas a
palaeotombolo can be observed in Plaka, Naxos. Coastal lagoons can be found in Mikri
Vigla, Glyfada, Aghios Prokopios, Aghios Georgios, Agiasso and Lageri.

Aeolian landforms include one aeolianite site in Manto island, Naxos, as well as
coastal dunes found in the areas of Aghios Georgios, Aghia Anna, Plaka, Kastraki, Glyfada,
Pyrgaki, Kanaki, Azala, Lageri, Alyki, Molos and Santa Maria. Karstic landforms in Paros
and Naxos islands include one cave, two potholes and two karst plains. The former refers

https://arcg.is/0LzWrv1
https://arcg.is/01f09a
https://www.arcgis.com/apps/dashboards/a3cf026ba865488eb966407991b2e5b8
https://www.arcgis.com/apps/dashboards/a3cf026ba865488eb966407991b2e5b8


Geosciences 2021, 11, 512 9 of 28

to the Cave of Zas mountain near Filoti, Naxos, whereas the two karst plains are located in
Korakas Hill, Marathi and Moutsi. The two potholes are located in Koronos-Koronida and
Moutsouna, Naxos.

Erosional landforms include gorges, hogbacks, tafonis, tors and alveoles. Four gorges
were considered worthy of assessing, namely in Mavros Kavos, Pyrgos Cape, Xiropotamos
River and Paroikia. Characteristic hogbacks are found in northern Naxos, whereas the
most important tafoni formations are in Stelida, Moni Chrysostomou, Plaka and Kinidaros.
Tor sites include the areas of Stelida and Mikri Vigla, Naxos island, whereas a characteristic
alveolus site is Kolymbithres in Paros island.
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Erosional landforms include gorges, hogbacks, tafonis, tors and alveoles. Four gorges 
were considered worthy of assessing, namely in Mavros Kavos, Pyrgos Cape, Xiropota-
mos River and Paroikia. Characteristic hogbacks are found in northern Naxos, whereas 
the most important tafoni formations are in Stelida, Moni Chrysostomou, Plaka and 
Kinidaros. Tor sites include the areas of Stelida and Mikri Vigla, Naxos island, whereas a 
characteristic alveolus site is Kolymbithres in Paros island. 
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Figure 3. Terrain map of Naxos Island split into five parts (a–e), where the selected geomorphosites, as well as spider
diagrams regarding their values are depicted. Each spider diagram consists of a sequence of equi-angular spokes, with each
spoke representing one of the following variables: scientific value, economic value, ecological value, cultural value, and
aesthetic value.
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Figure 4. Terrain map of Paros Island split into four parts (a–d), where the selected geomorphosites, as well as spider
diagrams regarding their values are depicted. Each spider diagram consists of a sequence of equi-angular spokes, with each
spoke representing one of the following variables: scientific value, economic value, ecological value, cultural value, and
aesthetic value.
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4.2. Quantitative Assessment of the Geomorphosites

The quantitative assessment of the geomorphosites can be seen in the Supplemen-
tary Table S3. Overall, the scientific value ranges between 0.38 and 0.81. 47 out of the
75 geomorphosites are graded with at least 0.5. Integrity is high (0.75 or 1) for 61% of them
and 0.5 for 30% of them. As far as representativeness is concerned, 42% of the 75 geomor-
phosites are rated with 0.75 or 1 and 13% with 0.5. When it comes to rareness, 36% of the
geomorphosites are rare (0.75 or 1-graded) and another 36% of them medium (0.5). The
palaeogeographical value is the lowest ranking among the four aspects of the scientific
value, as the highest rate is 0.5 and only refers to a 12% of the total number of the geomor-
phosites (Figure 5 for Naxos; Figure 6 for Paros). Overall, regarding the scientific value
of the studied geomorphosites, the criteria of integrity received the highest values, while
the criteria of palaeogeographic value received the lowest ranking. Geomorphosites, such
as hogbacks, dunes and beachrocks were among the ones receiving the highest ranking
in terms of scientific value overall, while features such as tors or potholes received lower
ratings (Table 1).
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Figure 5. Map of Naxos split into five parts (a–e) showing the geomorphosites and their scientific value. The diagrams 
framing the map show the contribution of each parameter (integrity, representativeness, rareness, and palaeogeographical 
value) to the final calculation of the scientific value for each geomorphosite. The blue section of the pie chart represents 
the integrity, the green section represents the rareness, the orange section defines the representativeness, and the red 
section represents the palaeogeographical value. 

Figure 5. Map of Naxos split into five parts (a–e) showing the geomorphosites and their scientific value. The diagrams
framing the map show the contribution of each parameter (integrity, representativeness, rareness, and palaeogeographical
value) to the final calculation of the scientific value for each geomorphosite. The blue section of the pie chart represents the
integrity, the green section represents the rareness, the orange section defines the representativeness, and the red section
represents the palaeogeographical value.
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Figure 6. Map of Paros split into four parts (a–d), showing the geomorphosites and their scientific value. The blue section 
of the pie chart represents the integrity, the green section represents the rareness, the orange section defines the represent-
ativeness, and the red section represents the palaeogeographical value. 

Figure 6. Map of Paros split into four parts (a–d), showing the geomorphosites and their scientific value. The blue
section of the pie chart represents the integrity, the green section represents the rareness, the orange section defines the
representativeness, and the red section represents the palaeogeographical value.
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Table 1. Average values of the ratings for the assessed geomorphosites.

Identification
Code

Scientific
Value

Ecological
Value

Aesthetic
Value

Cultural
Value

Economic
Value

STEwea001 0.56 0.25 0.75 0 0
CHRwea001 0.31 0.125 0.625 0 0
PLAwea001 0.44 0.75 0.75 0 0
KINwea001 0.44 0.25 0.5 0 0
STEwea001 0.56 0.625 0.625 0 0
VIGwea001 0.44 0.625 0.75 0 0
KORkar001 0.31 0 0.25 0 0
MOUkar001 0.31 0 0.25 0 0
NAXdifr001 0.75 0.125 0.875 0 0
GEOlit001 0.44 0.25 0.625 0 0
ANNlit001 0.50 0.75 0.75 0 0
PLAlit001 0.25 0.625 0.75 0 0
KASlit001 0.50 0.75 0.75 0 0.25
GLYlit001 0.75 1 0.75 0 0.25
PYRlit001 0.56 0.75 0.75 0 0
KANlit001 0.50 0.75 0.625 0 0
AZAlit001 0.38 0.125 0.5 0 0

MANkar001 0.56 0.25 0.5 0 0
VIGlit002 0.63 0.875 0.875 0 0
GLYlit001 0.50 0.875 0.75 0 0
PROlit001 0.56 1 1 0 0
GEOlit001 0.56 0 1 0 0.25
AGIlit001 0.63 1 1 0.75 0.25
GEOlit002 0.56 0 1 0 0
PLAlit002 0.75 0.75 0.375 0 0

ZASkar001 0.56 0.75 0.375 0.75 0.5
GEOlit003 0.81 0.125 0.375 0.5 0
PLAlit003 0.81 0.625 0.5 0.5 0
ORKlit001 0.69 0.625 0.5 0 0
VIGlit003 0.38 0.625 0.5 0 0
GLYlit002 0.69 0.75 0.625 0 0
RAMlit001 0.31 0.625 0.5 0 0
GALlit001 0.50 0.25 0.625 0 0
KAMlit001 0.44 0.25 0.625 0 0
AGIlit002 0.56 0.25 0.625 0 0
FARlit002 0.44 0.125 0.375 0 0
APOlit002 0.56 0.125 0.5 0 0
LIOlit001 0.56 0.25 0.5 0 0
HILlit001 0.69 0.25 0.625 0 0
HILlit002 0.69 0.25 0.625 0 0
HILlit003 0.69 0.25 0.625 0 0
HILlit004 0.69 0.25 0.625 0 0

MAVflu001 0.50 0.125 0.625 0 0
PYRflu001 0.50 0.125 0.625 0 0
XIRflu001 0.50 0.125 0.625 0 0
PARflu001 0.50 0.125 0.625 0 0
ZASkar001 0.56 0.5 0.75 0 0

MOUkar002 0.56 0.5 0.5 0 0
LANeol001 0.38 0.25 0.875 0 0
ALIeol001 0.19 0 0.625 0 0

MOLeol001 0.25 0.5 0.5 0 0
MARlit001 0.19 0.375 0.625 0 0
LAGlit001 0.50 0.375 1 0 0
LANlit001 0.50 0.125 0.875 0 0
MARlit002 0.56 0.125 0.5 0 0
TSOlit001 0.44 0.125 0.375 0 0
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Table 1. Cont.

Identification
Code

Scientific
Value

Ecological
Value

Aesthetic
Value

Cultural
Value

Economic
Value

PARLIT001 0.50 0 0.375 0 0
GAILIT001 0.50 0.5 0.375 0 0
LAGlit002 0.50 0 0.375 0 0
KOUlit001 0.44 0 0.375 0 0
PARlit002 0.44 0 0.375 0 0

KOLwea001 0.44 0.5 0.5 0 0
LAGlit003 0.44 0.75 0.75 0 0
SANlit001 0.25 0.625 0.5 0 0

PANkar001 0.38 0.375 0.5 0.75 0.25
ANDkar001 0.50 0.25 0.5 0 0.25

DRAKkar001 0.50 0.25 0.5 0 0.25
MOUlit001 0.44 0 0.75 0 0
MAMlit001 0.38 0 0.625 0 0
APEdifr001 0.75 0.125 0.875 0 0
APEdifr002 0.75 0.125 0.875 0 0
SIFdifr001 0.75 0.125 0.875 0 0

KERdifr001 0.75 0.125 0.875 0 0
AGPlit001 0.56 0.75 0.625 0 0.25
AGNlit001 0.38 0.625 0.375 0 0

As far as the additional values are concerned, 55% of the 75 geomorphosites are
highly rated (more than 0.5), whereas 19% of them are rated with 0.5. Regarding ecology,
29% of the selected geomorphosites are graded with more than 0.5 and 7% with 0.5. The
other two aspects (economy and culture) do not seem to play an important role in the
geomorphological heritage of the two islands, as there is only one geomorphosite whose
economical value is 0.5 (the rest being 0-graded), two geomorphosites whose cultural value
is 0.75 and another two whose cultural value is 0.5 (the rest being 0-graded) (Figure 7 for
Naxos; Figure 8 for Paros). It should however be noted that no quantitative data were
available for a direct estimation of the economic value of the studied geomorphosites.

The aesthetic and the ecological value vary depending on the type of geomorphosite.
The aesthetic value maintains high values in the majority of geomorphosites, compared to
the ecological value which fluctuates from 0 to 0.875. Unlike the aesthetic value and the
ecological value, the cultural value appears only in lagoon (e.g., AGIlit001), beachrock (e.g.,
GEOlit003, PLAlit003) and cave (e.g., ZASkar001, PANkar001) geomorphosites.

The highest-ranking geomorphosites include the beachrocks in Aghios Georgios,
Naxos and the tidal notches NW of Koukoumavles, Paros, the scientific value reaching
0.81. The additional values in these cases are relatively low (generally between 0.1 and 0.6).
Besides them, there exist another 11 geomorphosites (18% in total) whose scientific value
exceeds 0.6. Regarding their additional values, they are characterized by a high ecological
and aesthetic value. A total of 39 geomorphosites (65%) are characterized by medium
value, between 0.4 and 0.6. These geomorphosites are generally characterized by a high
aesthetic value (more than 0.5), whereas 14 of them are also of high ecological value. A
total of 11 geomorphosites (16%) are of low scientific value (less than 0.4), most of which
are of high aesthetic value and only three of high ecological value.
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Figure 7. Map of Naxos split into five parts (a–e), showing the geomorphosites and their additional values. The diagrams 
framing the map show the relationship between ecological, aesthetic, and cultural value for each geomorphosite. The blue 
columns represent the ecological value, the red columns represent the aesthetic value, and the green columns represent 
the cultural value. 
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cultural value.
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Figure 8. Map of Paros split into four parts (a–d), showing the geomorphosites and their additional values. The diagrams 
framing the map show the relationship between ecological, aesthetic, and cultural value for each geomorphosite. The blue 
columns represent the ecological value, the red columns represent the aesthetic value, and the green columns represent 
the cultural value. 

4.3. The Geotouristic Potential of Paros and Naxos Islands 
Both islands are characterized by special geomorphological and environmental fea-

tures. Presently, both islands receive most tourists during the summer period and while 
certain geomorphosites are known and visited, such as the cave of Zas (ZASkar001) or 
Cave of Panagia (PANkar001), other landforms are either visited, but their particular 
value is not acknowledged due to lack of information, or they remain completely un-
known. Overall, the geotouristic potential of both islands is poorly exploited at present. 
For the case of Paros, recent efforts include the development of an environmental-cultural 
park on the north part of the island. However, its most prominent actions are related to 
cultural activities primarily during the high summer season. In the case of Naxos, the is-
land is visited by many international tourists wishing to experience quitter vacations and 
more natural landscapes. While both islands have all those elements that can attract the 
interest of geotourists, they have not exploited this possibility yet, possibly because they 
accept a lot of tourism in the summer months anyway and feel that they are covered or 
possibly because they put all their efforts in the summer tourism and lack the energy to 
expand the touristic season. The effort to develop geotourism needs organization and the 
right decisions from decision makers and the local society in order to open the tourist 
product and attract visitors at different times and not only during the summer, hence re-
ducing the intensification of tourism in the summer months, which has reached its limits 
and often leads to negative comments. Both islands still lack a clear plan for the develop-
ment of geotourism and the promotion of geotouristic features and activities. 

The above call for better promotion and information to the public and perspective 
tourists on the geomorphological heritage of both islands; such actions could include the 
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4.3. The Geotouristic Potential of Paros and Naxos Islands

Both islands are characterized by special geomorphological and environmental fea-
tures. Presently, both islands receive most tourists during the summer period and while
certain geomorphosites are known and visited, such as the cave of Zas (ZASkar001) or
Cave of Panagia (PANkar001), other landforms are either visited, but their particular value
is not acknowledged due to lack of information, or they remain completely unknown.
Overall, the geotouristic potential of both islands is poorly exploited at present. For the
case of Paros, recent efforts include the development of an environmental-cultural park on
the north part of the island. However, its most prominent actions are related to cultural
activities primarily during the high summer season. In the case of Naxos, the island is
visited by many international tourists wishing to experience quitter vacations and more
natural landscapes. While both islands have all those elements that can attract the interest
of geotourists, they have not exploited this possibility yet, possibly because they accept a
lot of tourism in the summer months anyway and feel that they are covered or possibly
because they put all their efforts in the summer tourism and lack the energy to expand
the touristic season. The effort to develop geotourism needs organization and the right
decisions from decision makers and the local society in order to open the tourist product
and attract visitors at different times and not only during the summer, hence reducing the
intensification of tourism in the summer months, which has reached its limits and often
leads to negative comments. Both islands still lack a clear plan for the development of
geotourism and the promotion of geotouristic features and activities.
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The above call for better promotion and information to the public and perspective
tourists on the geomorphological heritage of both islands; such actions could include the
inclusion of geomorphosites to tourist guides, the design of geo-routes, the development
of StoryMaps, etc. The promotion of geomorphological heritage in the area will clearly
contribute to the enhancement of tourism, supporting the environmental and geomorpho-
logical beauties of the island and enhancing geotourism and eco-tourism. It is important to
emphasize the difference in quality and time of arrival for this category of tourists, which
will extend the touristic season, but at the same time will respect the heritage of the islands.
The promotion of geomorphological heritage will provide the appropriate tools for inform-
ing the public about environmental pressures, their effects, and the need for protection. It
will also provide reliable proposals and solutions for geoenvironmental problems and, on
the other hand, will promote and promote the concept of geo-conservation.

New generations of tourists are composed of travelers who need nature, they are
more educated and looking for alternative tourist destinations. In the list of the most
frequent touristic destinations, geological and geomorphological landscapes often stand
out, replacing other classic tourist destinations of the past. Among the most famous
geotouristic destinations are Yellowstone, the Grand Canyon, Yosemite Valley Park and the
Great Barrier Reef [54].

Such destinations, with proper management, contribute to the sustainable develop-
ment of the areas, i.e., a development that meets the needs of current generations, without
compromising the rights and needs of future generations. It is worth mentioning that
tourism, due to the intensifying competition, is being modernized and enriched by devel-
oping new products. In the global tourism market and especially in the European, in recent
years, alternative forms of tourism development are being promoted, especially those that
are compatible with the directions of protection of the natural and cultural environment.

5. Conclusions

A total of 75 geomorphosites were selected, mapped and assessed in this research,
namely 22 in Paros and 53 in Naxos island, Cyclades, Greece. They were assessed such that
their promotion, as well as their geoconservation, can be rendered possible. The assessment
of the geomorphosites followed the assessment method proposed by Reynard et al. [1].
Based on field work and the consequent assessment of the visited areas as potential
geomorphosites, we have concluded that the islands of Naxos and Paros are of vast
geomorphological heritage that is worth conserving and promoting and can lead to the
further economic development of the two regions. Both islands are abundant in unique
coastal landforms great sea-level and palaeogeography indicators, as well as landforms
created in other environments. Besides the high scientific interest of the 63 geomorphosites,
most of them are also characterized by a high ecological value and can potentially lead
to a significant increase in the islands’ tourism, not in the sense of massive tourism,
which usually leads to degradation, but qualitive tourism, for instance geotourism and
ecotourism. The promotion and management of these geomorphosites can contribute to
the development of the local economy, given that both islands are highly popular and
therefore do not lack the corresponding facilities for hosting geotourism.

Supplementary Materials: The following are available online, Table S1: Geomorphosites database.
Geomorphological data for Naxos island are available at https://arcg.is/0LzWrv1 (accessed on
13 December 2021) and for Paros at https://arcg.is/01f09a (accessed on 13 December 2021).
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